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Claims 



What is claimed is: 




A method for providing simuUaneous b/directional signahng in a bus topology 
comprising the steps of: 

selecting a first device and a second device from among a plurality of devices 
operably coupled to a common bus to exchange a first set of data; 

scheduling a first exchange slot over jtvhich the first device and the second device 
10 are to exchange the first set of data; and 

during the first exchange slot, simulJaneously transmitting a first portion of the 
first set of data from the first device to the second device over the common bus and 
transmitting a second portion of the first sef of the data from the second device to the first 
device over the common bus. 

15 

2. The method of claim 1 fiirther comprising the steps of: 

selecting the first device and a thiM device to exchange a second set of data; 
scheduling a second exchange sloi over which the first device and the third device 

are to exchange the second set of data; and 
20 during the second exchange slot jsimuhaneously transmitting a first portion of the 

second set of data from the first device to the third device over the common bus and 

transmitting a second portion of the secpnd set of the data from the third device to the 

first device over the common bus. 



25 3 . The method of claim 2 fiirther /comprising the step of: 

introducing a turnaround delay between the first exchange slot and the second 



exchange slot. 



4. The method of claim 3 
30 end propagation delay of the commoh 



wherdn the turnaround delay is less than twice an end-to- 
bus. 
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5. The method of claim 1 wherein the first device is a memory controller, and the 
second device is a memory device and wherein me first portion of the first set of data and 
the first portion of the second set of data are whte data and the second portion of the first 
set of data and the second portion of the second set of data are read data. 
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6. A system providing simultaneous bidirectional signaling using a bus topology, the 
system comprising: / 
a first device operably coupled to a bus; / 

a second device operably coupled to the pus, the first device transmitting a first 
portion of a first set of data to the second device and the second device transmitting a 
second portion of the first set of data to the firsl device simuhaneously during a first 
exchange slot; and 

a third device operably coupled to the bi 
portion of a second set of data to the third device and the third device transmitting a 
second portion of the second set of data to the Jfirst device simultaneously during a second 
exchange slot. 



7. The system of claim 6 wherein a tum^ound delay exists between the first 
exchange slot and the second exchange slot. I 

8. The system of claim 7 wherein the tjlimaround delay is less than twice an end-to- 
end propagation delay of the bus. 



9. The system of claim 6 wherein thd first device is a memory controller, and the 
second device is a memory device and wherein the first portion of the first set of data and 
the first portion of the second set of data are write data and the second portion of the first 



set of data and the second portion of the 



lecond set of data are read data. 
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10. A device coupled to a bus in a bus topology capable of simultaneous bidirectional 
signaling, the device comprising: 

a driver capable of additive signaling, ^id driver circuit applying transmit signals 
to the bus; 

a receiver circuit operably coupled to the\driver, the receiver circuit capable of 
effectively subtracting the transmit signals to receive received signals from the bus, the 
driver and the receiver circuit operating during an exchange slot. 



1 1 . The device of claim 1 0 wherein the devicej is coupled to the bus by an impedance- 
matching splitter. 

12. The device of claim 1 0 wherein the device further comprises: 
a terminator operably coupled to the driverjand the receiver circuit, the terminator 

providing a controlled termination impedance. 



1 3 . The device of claim 1 0 wherein the device tUrther compnses : 

a transmit circuit operably coupled to the driver, the transmit circuit comprising a 
transmit buffer, the transmit buffer holding data penjding arrival of the exchange slot. 



14. The device of claim 13 wherein the transmit 
a plurality of transmit buffers, the plurality o 
data destined for different other devices. 



suffer further comprises: 
'transmit buffers adaptable to hold 



1 5 . The device of claim 1 3 wherein the receiver circuit further comprises: 

a comparator operably coupled to the transmitter and to the driver, the comparator 
adaptable to effectively subtract the transmit signals to| yield received signals from the 
bus; and 

a receiver operably coupled to the comparator, the receiver receiving the received 
signals and obtaining received data from the received signals. 
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16. The device of claim 15 further comprising: 

a circuit responsive to an exchange slot indication, the circuit enabling the 
operation of the transmit circuit and the receW circuit during the exchange slot. 
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17. A memory system corrl|prising: 
a memory controller; 

a bus operably coupled tV> the memory controller; 
a first memory device operably coupled to the bus, the first memory device 
5 adapted to simultaneously send first read data to the memory controller via the bus and 
receive first write data from the memory controller via the bus; and 

a second memory device operably coupled to the memory controller, the second 
memory device adapted to simultaneously send second read data to the memory 
controller via the bus and receive secqnd write data from the memory controller via the 
10 bus. 



18. The memory system of claim \ v wherein the first memory device is adapted to 
simultaneously send the first read data to the memory controller and receive the first 
write data from the memory controller auring a first exchange slot and wherein the 
second memory device is adapted to simultaneously send the second read data to the 
memory controller and receive the seconlj write data from the memory controller during a 
second exchange slot. 



19. 



slot. 



The memory system of claim 18 wherein the memory controller comprises: 

a first write buffer to hold the first write data pending arrival of the first exchange 



25 



20. The memory system of claim 19 wherein the memory controller comprises: 

a second write buffer to hold the second\write data pending arrival of the second 
exchange slot. 
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21. The memory system of claim 17 wherein the bus comprises: 

a conductor operably coupling the first memory device and the second memory 
device to the memory controller, wherein the first niemory device is adapted to 
simultaneously send a first read bit of the first read data to the memory controller over the 
conductor and receive a first write bit of the first write data from the memory controller 
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over the conductor during a first dpcchange slot and wherein the second memory device is 
adapted to simuhaneously send a second read bit of the second read data to the memory 
controller over the conductor and reiseive a second write bit of the second write data from 
the mempry controller over the condufctor during a second exchange slot. 

22. The memory system of claim 21 wherein a turnaround delay sufficient to prevent 
inter-symbol interference is introduced between the first exchange slot and the second 
exchange slot. \ 

23 . The memory system of claim 1 7 wheiiein the memory controller performs 
coherency checking during memory access operations. 
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24. A memory device adaptable Ito be coupled to a bus comprising: 



a driver adapted to drive the 
write data are present on the bus; 

a receiver circuit operably co 



Dus with read data during an exchange slot while 



ilpled to 



the driver, the receiver circuit capable of 



receiving the write data from the bus dipng the exchange slot while the driver is driving 
the bus with the read data; and 

a memory circuit operably couplid to the receiver circuit, the memory circuit 
adapted to provide the read data and to stjpre the write data. 



25 . The memory device of claim 24 fitther comprising: 

a circuit responsive to an exchange\slot indication, the circuit operably coupled to 
the driver and the receiver circuit, the circuit enabling interaction of the driver and the 
receiver circuit with the bus during the exchange slot. 

26. The memory device of claim 25 wherddn the circuit is adapted to be responsive to 
the exchange slot indication following a tumarpund delay sufficient to prevent inter- 
symbol interference. 



27. The memory device of claim 24 further comprising: 

a transmit circuit operably coupled to the qriver, the transmit circuit comprising a 
transmit buffer, the transmit buffer holding the reao^data pending arrival of the exchange 
slot. 
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28. A memory controller adapted ip be coupled to a bus comprising: 

a driver adapted to drive the bus with first write data destined for a first memory 
device during a first exchange slot while first read data from the first memory device are 
present on the bus; \ 

a receiver circuit operably couplfed to the driver, the receiver circuit adapted to 
receive the first read data from the bus during the first exchange slot while the driver is 
driving the bus with the first write data. \ 

29. The memory controller of claim 28 Wherein the driver is further adapted to drive 
the bus with second write data destined for a second memory device during a second 
exchange slot while second read data from the second memory device are present on the 
bus and wherein the receiver circuit is furthei adapted to receive the second read data 
from the bus during the second exchange slot While the driver is driving the bus with the 
second write data. \ 

30. The memory controller of claim 29 wheiein a turnaround delay sufficient to 
prevent inter-symbol interference is introduced between the first exchange slot and the 
second exchange slot. \ 

3 1 . The memory controller of claim 28 fiirther comprising: 

a transmit circuit operably coupled to the driver to transmit the first write data and 
the second write data to the driver, the transmit circuit comprising a transmit buffer to 
hold the first write data pending arrival of the first exchange slot and the second write 
data pending arrival of the second exchange slot. \ 

32. The memory controller of claim 31 wherein the Iffansmit buffer comprises: 
a first transmit buffer to hold the first write data {lending arrival of the first 

exchange slot; and \ 

a second memory buffer to hold the second write dkta pending arrival of the 
second exchange slot. 1 
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33. A method for providing simultaneous bidirectional communication between a 
memory controller and a plurality of memory devices comprising the steps of: 

during a first exchange slot, simultaineously communicating over a common bus 
first write data from the memory controller fo a first memory device of the plurality of 
memory devices and first read data from the\first memory device to the memory 
controller; and 

during a second exchange slot, simultineously communicating over a common 
bus second write data from the memory controller to a second memory device of the 
plurality of memory devices and second read d^ta from the second memory device to the 
memory controller. 

34. The method of claim 33 fiirther comprising the step of: 
holding the first write data destined for the first memory device in the memory 

controller pending arrival of the first exchange slit, 

35. The method of claim 34 further comprisingUhe step of: 

holding the second write data destined for the second memory device in the 
memory controller pending arrival of the second exchange slot. 

36. The method of claim 35 wherein the step of hdlding the first write data occurs in a 
first write buffer and wherein the step of holding the sepond write data occurs in a second 
write buffer. 

37. The method of claim 35 fiuther comprising the steps of: 
holding the first read data destined for the memor5[ controller in the first memory 

device; and 

holding the second read data destined for the memo^ controller in the second 
memory device. 

38. The method of claim 37 wherein the step of simultaneously communicating over 
the common bus the first write data from the memory controller to the first memory 
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device and the first read data from the fn^t memory device to the memory controller 
occurs after a specified amount of the fir)(t write data destined for the first memory device 
is held in the memory controller. 
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V 



39. A system for bidirectional commumcation of data over a common bus 
comprising: 

a first device operably coupled to tne common bus, the first device comprising a 
first-to-second transmit buffer to hold first\to-second data and a first-to-third transmit 
buffer to hold first-to-third data; 

a second device operably coupled to the common bus, the second device 
comprising a second-to-first transmit buffer to hold second-to-first data; 

a third device operably coupled to the common bus, the third device comprising a 
third-to-first transmit buffer to hold third-to-first data; 

a scheduler operably coupled to the coninon bus, the scheduler scheduling the 
first device to transmit the first-to-second data and the second device to transmit the 
second-to-first data over the common bus duringla first exchange slot and scheduling the 
first device to transmit the first-to-third data and me third device to transmit the third-to- 
first data over the common bus during a second exchange slot, the scheduler introducing 
a turnaround delay sufficient to prevent inter-symbpl interference between the first 
exchange slot and the second exchange slot. 
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